Introduction
killer cell (LAK) activity. [9] [10] [11] Cytokine-induced killer (CIK) cells are nonmajor histo-IL-7 has been demonstrated to be a growth factor for compatibility complex-restricted cytotoxic cells generated CIK cells, 12 induces the generation of CTL and LAK by incubation of peripheral blood lymphocytes with anticells [13] [14] [15] and is capable of augmenting cytotoxic activity CD3 monoclonal antibody, interleukin-2 (IL-2), interleuof immunologic effector cells. Furthermore, a predomikin-1 (IL-1) and interferon ␥.
1 CIK cells are cells with nantly T cell response to IL-7-transduced tumors was enhanced cytotoxicity and a higher proliferation rate as shown by Lynch et al 15 and he also demonstrated the compared with LAK cells. 2 The higher lytic activity of comparability of IL-2 and IL-7 in their immunobiological CIK cells is mainly due to the higher proliferation of CD3
properties. Naume et al 16 showed that IL-7 induces high and CD56 double positive cells. 2 Recently, it has been LAK activity in CD56 cells and proliferative activity in shown that CIK cells in contrast to lymphokine activated NK cells. killer cells are capable of eradicating an established
We transfected CIK cells via CD3 receptor-mediated tumor in SCID mice. 3 gene transfer with a plasmid harboring the IL-7 gene, Interleukin-7 (IL-7) was originally described as a since lymphocytes are attractive vehicles for cytokine growth factor for pre-B cells. 4, 5 It is a 25 kDa cytokine delivery. They have the ability to proliferate in response which also induces the proliferation of mature CD4 + and to IL-2 or IL-7, to migrate throughout the body and to express recombinant proteins.
17
In this article we studied the effect on proliferation, phenotype and cytotoxic activity when transfecting CIK The amount of secreted IL-7 in cells transfected with the tion of IL-7 cDNA was shown using RT-PCR. Nontrans-IL-7 expression vector correlated with the efficiency of fected CIK cells were shown to contain no IL-7 mRNA transfection. Since we used a pCEP-vector construct for in contrast to cells transfected with the IL-7 vector, which both transfection experiments, from the efficiency of the show successful transfection in every case. In transfected ␤-gal transfection one can deduce the efficiency of transcells the vector plasmid could be detected when using fection with the IL-7 gene. Table 1 demonstrates the corprimers specific for the ampicillin site of the vector, relation of the efficiency of the transfection and the whereas nontransfected cells showed negative results amount of the secreted IL-7 in detail. (Figure 1 ). In lane 7 there seems to be a positive signal for nontransfected cells but this must be due to an unspecific Cytokine production annealing of the vector primers in this sample.
Successfully transfected CIK cells produced IL-7 in the range of 137-1021 pg/10 6 cells/24 h as measured by an ELISA. However, we were not able to transfect every CIK cell culture. In three out of 15 cases the receptor-mediated transfection procedure failed for no obvious reason. In nontransfected cells no IL-7 expression was detectable in all cases measured. Also, when CIK cells were transfected with vector constructs of identical basis but containing ␤-galactosidase or CAT genes no IL-7 production was detectable. For more details refer to Table 2 .
Transfection with other nonviral methods such as electroporation or lipofection showed no or minor transfection rates (data not shown).
Cytokine profile of transfected CIK cells
In addition to IL-7 we assayed the supernatant of CIK cells for IL-6, IL-12 and TNF␣. IL-6 is an important protein for immune responses and is expressed by normal and transformed cells, for instance in T cells. It is involved in T cell differentiation and activation and is able to stimulate the growth of carcinoma cells. IL-12 is important for growth promotion of CD4 + and CD8 + cells and increases cytotoxic activity. Furthermore, it is able to increase TNF␣ production. TNF␣ is produced by activated lymphocytes and is possibly involved in apoptosis of transfected lymphocytes.
Again, we compared transfected and nontransfected cells. In no case was production of IL-12 detectable. After transfection of the cells with the IL-7 expression plasmid the cells began to produce TNF␣ in varying amounts. We measured a secretion in the range of 45-790 pg/ml/24 h. Transfection efficiency was determined after transfection using a pCEP-␤-gal vector followed by staining of the transfected cells (Table 4) . We did no statistical We think that the decreased rate of proliferation is due was unaltered in transfected cells by inspection under phase-contrast light microscopy (data not shown).
Cytotoxicity of transfected CIK cells
The cytotoxic effect of CIK cells transfected for IL-7 The production of TNF␣ increased in every case where cells were transfected successfully. Nontransfected cells expression was studied using various carcinoma cell lines as targets in a nonradioactive cytotoxicity assay. Controls did not secrete detectable amounts of TNF␣.
In contrast to the increase of TNF␣ following transfecconsisted of CIK cells transfected with an irrelevant pCEP-␤-galactosidase vector. Transfected cells possessed tion the amount of IL-6 secreted by CIK cells varied. In two cases the amount of IL-6 remained unaltered during a significantly higher cytotoxic activity as compared with nontransfected CIK cells. This was true for the effectransfection, in two cases the level of the released cytokine decreased from 680 or 750 pg/ml/24 h in nontranstor:target ratios 5:1, 10:1 and 20:1, where we calculated P values from 0.002, 0.003 and 0.03, respectively. We used fected cells to 68 or 78 pg/ml/24 h in transfected cells (Table 3) .
effector The amount of IL-6, IL-12 and TNF␣ was determined in the supernatant of transfected and nontransfected cells. Supernatant was collected 72 h after transfection. All experiments were performed in duplicate. proliferation rate seems to be due to IL-7 production because mAbs against IL-7 block the effect. from different persons. In three out of 15 cases it was not possible to transfect the cells. The reason for this phenomen remains to be examined and there could be a need shows the cytotoxic activity of the CIK cells against HT for a more effective transfer system such as a retroviral 144, Figure 3b against REH and Figure 3c against the system. However, transfection of lymphocytes seems to target A704.
be difficult. Our data compare well with data from the group of Hwu et al 29 using a retroviral vector and selection. The best efficiencies of transfecting lymphocytes are Discussion in the range of 15-20% using viral systems. Unfortunately, we were not able to compare our results obtained The ability of malignant cells to survive exposure to cytotoxic agents is a major obstacle to cure in cancer patients.
with receptor-mediated gene transfer with the efficiency when using an adenoviral construct. Immunologic effector cells such as LAK cells, 13 
Figure 2 Proliferation of transfected CIK cells. Proliferation of transfected CIK cells was measured in a MTT assay. Transfected cells were compared with nontransfected cells with or without the addition of IL-7 in a concentration of 20 ng/ml. Cells were incubated for 7 days at 37°C, 5% CO 2 . To show that the proliferative effect was due to IL-7 the effect was blocked with a monoclonal antibody against IL-7. The experiments were performed in triplicate. The figure represents data from three experiments. CIK cell populations 804, 806 and 807 were used.
cells and therefore we did not look for statistical signifiactivity if generating CIK cells in an autologous system or target those cells with bispecific antibodies. cance. In the other cell surface molecules we compared there was no perceptible change. Perhaps the amount of
In conclusion, we demonstrated that IL-7 is functional the cytokine released is not sufficient to cause an alterin transfected CIK cells and that proliferation and cytoation in the phenotype of the cells. toxic activity of these cells can be augmented by transHowever, the amount of IL-7 expressed by the cells fecting the cells via anti-CD3 receptor-mediated gene seems to be sufficient to increase proliferation. In transfer with a plasmid for IL-7 expression. Since IL-7 is addition, we could demonstrate a significant auginvolved in the initial phases of immune responses, ILmentation in cytotoxic activity of the transfected cells.
7-transfected CIK cells might be a valuable tool for an Other investigators described an increase in antitumor adoptive immunotherapy. activity for cytotoxic T lymphocytes transfected with the IL-2 gene. 30 When transfecting tumor cells with the IL-2 or the IL-7 gene the immunobiological properties are
Materials and methods
comparable and the antitumor effects are elicited primarily through T cell involvement.
16,22,31 Interestingly, we found a significant increase of the cytotoxic activity at a Generation of cytokine-induced killer cells low effector to target cell ratio. This seems to be of major CIK cells were generated as described previously. 2, 33 In importance since in the clinical situation it is difficult to brief, nonadherent Ficoll separated human peripheral inject patient effector cells at a 40:1 ratio of effector to blood mononuclear cells were prepared and grown in target cells.
RPMI 1640 medium (Gibco BRL, Berlin, Germany), conPreliminary data from our group and data from Lu et sisting of 10% fetal calf serum (Gibco BRL), 25 mm Hepes, al 3 show that untransfected CIK cells lead to prolonged 100 U/ml penicillin and 100 U/ml streptomycin. 1000 survival rates in vivo in a SCID mouse-lymphoma model. U/ml human recombinant interferon ␥ (Boehringer Here, we show that CIK cells transfected with the IL-7
Mannheim, Mannheim, Germany) were added on day 0. gene are superior to untransfected CIK cells in vitro.
After 24 h of incubation, 50 ng/ml of an antibody against Therefore, CIK cells transfected with IL-7 need to be CD3, 100 U/ml IL-1 and 300 U/ml IL-2 (Boehringer tested in vivo.
Mannheim) were added. Cells were incubated at 37°C in CIK cells transfected for IL-7 production seem to be a humidified atmosphere of 5% CO 2 and subcultured less effective in killing cells of a pre B cell leukemia comevery 3 days in fresh complete medium and IL-2 at pared with their killing potency against solid tumor cells. Perhaps it would be possible to increase their lytic 3 × 10 6 cells/ml. 
Cell lines
Immunofluorescence and flow cytometry studies A-704, a renal carcinoma cell line (ATCC, Rockville, MD, Cells were stained using various monoclonal antibodies USA), HT 144, a melanoma cell line (ATCC) and REH against human surface antigens. Antibodies used (DSM, Braunschweig, Germany), a pre B cell leukemia included antibodies against human CD3, CD4, CD8, cell line were used in this study. The renal carcinoma cell CD14, CD18, CD19, CD25, CD56, LFA-1, ICAM-1, IL-7R line was grown in Eagle's MEM with nonessential amino and HLA-DR (Dianova, Hamburg, Germany). Isotypeacids (Gibco BRL), sodium pyruvate, 10% fetal calf serum matched antibodies were used as controls. Stained cells (Gibco BRL), 100 U/ml penicillin and 100 U/ml streptowere washed and subsequently analyzed using a FACmycin. The HT 144 and REH cells were grown in RPMI SCAN (Becton Dickinson, Heidelberg, Germany). Back-1640 (Gibco BRL) with 10% fetal calf serum, 100 U/ml ground staining using irrelevant antibodies was less than penicillin and 100 U/ml streptomycin. 2%. Cells (10 4 ) were analyzed for each sample.
Expression plasmid for interleukin-7
The plasmid pCEP-IL-7 was constructed on the basis of Cytotoxicity assay the commercially available pCEP4 vector (Stratagene, NV A CytoTox 96 nonradioactive cytotoxicity assay Leek, The Netherlands). It contains a CMV-promoter-(Promega, Madison, WI, USA) was used to compare the enhancer sequence, the cDNA from human IL-7 mRNA, cytotoxic activity of the transfected cells with the nona self-replication origin (EBNA-1), a gene for ampicillin transfected cells. This assay is a colorimetric alternative to and for hygromycin resistance and a SV-40 poly (A) sigthe 51 Cr release assay. It quantitatively measures lactate nal sequence (Figure 4) . dehydrogenase (LDH), which is released upon cell lysis in much the same way as 51
Cr is released. Released LDH Transfection of CIK cells in culture supernatants was measured in a 30 min incu-CIK cells were transfected using CD3 receptor-mediated bation using a coupled enzymatic assay. The amount of gene transfer according to a protocol designed by E color formed is proportional to the number of lysed cells. Wagner, Boehringer Ingelheim, Vienna, Austria. 32 Briefly, Absorbance data were collected using a 96-well plate a complex is formed containing an inactivated adenoreader set to 490 nm. Target cells (5000) were plated in virus, streptavidin-polylysine, the plasmid pCEP-IL-7 triplicate sets in a V-bottom 96-well tissue culture plate and an antibody against CD3, coupled with polylysine.
and incubated for 4 h with various ratios of effector to The adenovirus was inactivated by treatment with target cells. After incubation 50 l aliquots from all wells methoxy-psoralen and UV irradiated. Cells (2 × 10 6 ) in were transferred to a fresh 96-well plate. To each well of 1 ml serum-reduced medium were incubated for 4 h with the plate 50 l of the substrate mix was added and incuthis transfection mixture in an incubator. Then, 1 ml of bated at room temperature for 30 min in the dark. Before normal growth medium was added to the cells and the measuring 50 l of a stop solution was added to each supernatant was collected after 24 h and examined for well. A-704, HT 144 and REH cells were used as targets. the presence of IL-7. MTT (3-(4,5 dimethylthiazol-2yl)-2,5 diphenyltetrazolium GATTGTGATA TTGAAGGTAA AGATGGC CTTCCTTTAA CCTGGCCAGT GC bromide) assay A MTT assay was performed to compare the proliferation Products of the PCR were analyzed on a 3% agarose gel of transfected CIK cells with the nontransfected ones. and photographed after ethidium bromide staining. Briefly, transfected and nontransfected cells were grown on 96-well plates for 7 days, fed once after 3 days, anaEnzyme-linked immunosorbent assay lyzed using the MTT dye and read on a multiwell scan-IL-7 levels in conditioned medium were determined by ning spectrophotometer (ELISA reader). The MTT dye an enzyme-linked immunosorbent assay (ELISA) was converted to blue colour by living cells and had the method. The IL-7-ELISA-Kit was purchased from R&D extinction maximum at 570 nm.
Systems (Quantikine; Minneapolis, MN, USA). It can CIK cells fed with IL-2 (300 U/ml) or IL-7 (20 ng/ml) detect soluble IL-7 down to 15 pg/ml of IL-7. Briefly, were used as positive controls. As negative controls CIK microtiter plates were coated with a monoclonal antibody cells were grown in the absence of any cytokine in culture specific for IL-7 and incubated to bind IL-7 in cell culture medium or in the presence of a blocking monoclonal antisupernatants. After several washes to remove unbound body against IL-7. As another control an irrelevant antiproteins, an enzyme-linked (horseradish peroxidase) body (anti-CD19) was used. The concentration of the polyclonal antibody was added that binds to the solid antibodies added was 50 ng/ml. phase bound IL-7. After washing the substrate solution was added and developing colour was measured using RNA extraction, reverse transcription and polymerase a multiwell plate reader set to 450 nm. The optical denchain reaction sity of the samples was compared with a calibration RNA was extracted from CIK cells using the Rneasy total curve. RNA Kit (Qiagen, Hilden, Germany). RNA was reverse transcribed into cDNA using a standard procedure with Determination of cytokines other than IL-7 random primers. No DNase treatment was performed to
Besides IL-7 we determined the amount of IL-6, TNF-␣ remove residual plasmid DNA. PCR was performed and IL-12 in the supernatant of transfected and nontransusing primers specific for interleukin-7 transcripts fected cells. All cytokine levels were determined by an (Stratagene, Heidelberg, Germany). Twenty-five cycles of ELISA. The kits for IL-6 and TNF␣ were obtained from amplification were performed. Samples containing ␤-Boehringer Mannheim, and the kit for IL-12 was puractin-specific primers (Stratagene) were used to monitor chased from R&D systems (Quantikine). The assay prointegrity and the amount of cDNA. A third pair of pricedures were analogous to the ones described above. mers specific for the vector was used to assay for vector molecules in transfected cells.
Determination of the transfection efficiency by ␤-galactosidase staining of transfected cells Sequence of these primers:
␤-Galactosidase assays were carried out 24 h after trans-3-pCEP-IL-7:GCGGTTTGACTCACGGGGAT5 fection of cells with an expression vector for bacterial -pCEP-IL-7:CCCACCTCCC CCTGAACCTG ␤-galactosidase. The vector was constructed on the basis of the pCEP 4 vector. Transfected cells were incubated human ␤-actin primers:
with 5-bromo-4-chloro-3-indolyl-␤-d-galactopyranoside TGACGGGGTC ACCCACACTG TGCCCATCTA (X-gal; Sigma, Deisenhofen, Germany) for 16-20 h at CTAGAAGCAT TTGCGGTGGA CGATGGAGGG 37°C. Following incubation aliquots were taken and the blue cells were counted in a Neubauer chamber. Colourhuman interleukin-7 primers: 
